Skin aging has become an area of increasing research interest in dermatovenerology. Changes in the skin associated with aging can be detected by high -frequency 20 MHz ultrasonography, which is a useful diagnostic technique allowing reliable imaging of cutaneous and superficial subcutaneous structures.
INTRODUCTION
Several techniques have been used for measurement of skin thickness and structural changes in the skin. In clinical practice, mild-frequency ultrasonography (range 7.5-15 MHz) is widely used for investigation of lymph nodes. Ultrasonography with frequency of 20 MHz allows reliable imaging of cutaneous and superficial subcutaneous structures up to a depth of maximally 7 mm, but the epidermal structures can not be clearly visualized. In contrast, transducers with ultrasound frequency of 100 MHz and 150 MHz are able to provide an image of fine epidermal structure without the possibility to show dermal and subdermal area. High-frequency (20 MHz) ultrasonography represents a painless alternative to skin biopsy. Measuring of skin thickness using an A-mode device was performed for the first time by Alexander and Miller in 1979 (1) .
Cutaneous aging is divided into two components: intrinsic and extrinsic aging. Intrinsic aging is the natural aging process and is genetically determined and characterized by physiologic alterations of the skin structure. It is characterized by three features: dermal atrophy due to collagen loss, degeneration of the elastic fibre network and loss of hydration. These changes lead to thinning of the skin (2, 3). Extrinsic aging is caused by exposure to UV radiation and is more commonly called photoaging. The term photoaging describes distinct clinical, histological and functional features of chronically sunexposed skin. Photoaged skin has a characteristic histological appearance -elastosis that generally begins at the junction of papillary and reticular dermis, the replacement of mature collagen fibers by collagen with a distinct basophilic appearance, a large increase in deposition of glycosaminoglycans, fragmented elas-tic fibers and dermal extracellular matrix proteins such as elastin (4) . The UV light induces an extensive accumulation of water in the papillary dermis and hypertension in the venous system (5, 6) . All these factors cause the changes in dermal echogenicity. In 1989 de Rigal et al. (7) showed that a low echogenic band-like structure is present in the subepidermal region of photoaged skin.
The main aim of this study was the identification and characterization of the specific ultrasonographic skin structure changes related to the age of subjects.
METHODS
One hundred subjects were enrolled into the study (50 % males and 50 % females). Participants were divided into two age groups: group 1 consisting of 50 subjects aged 67.3 ± 1.8 years and group 2 including the same number of subjects aged 23.9 ± 0.8 years. These groups were further divided into four subgroups according to gender: group A (25 females aged 67.3 ±1.8 yrs), group B (25 females aged 23.9 ± 0.8 yrs), group C (25 males aged 67.4 ± 1.7 yrs) and group D (25 males aged 23.9 ± 0.8 yrs).
The study was performed in Dermatovenerology Clinic, Jessenius Faculty of Medicine and University Hospital in Martin from January 2014 to December 2016. The high resolution 20 MHz ultrasound imaging equipment (Dermascan C ® , Cortex Technology, Denmark) was used to obtain cross sectional images of the skin (B-mode). The axial resolution of the equipment was 50 μm, lateral resolution 300 μm and maximum measurable depth was 7.0 mm. The ultrasonic wave is partially reflected at the boundary between adjacent structures and generates echoes of a defined amplitude. The intensity of the reflection echoes is evaluated by the microprocessor and visualized on a colored two-dimensional image. The coloured scale of echogenicity is white> yellow> red > green> blue> black.
Skin ultrasonography was performed in vivo on the dorsal forearm and at the ventral thigh. Probands were informed about the nature and purpose of the study and a written consent was obtained.
The thickness of skin was defined as the distance between the epidermal entrance echo and hypoechogenic area below the green dermis. Two values of each area were measured and the mean thickness was calculated. Measurement of the region of SLEB was marked with a cursor by hand outlining of the subepidermal low-echogenic area. SLEB thickness was defined as a hypoechogenic black area between the epidermis and dermis. The main thickness of the SLEB was calculated from three various sites gained from each image.
The data were statistically analysed using Shapiro-Wilk normality test to determine the distribution of individual parameters, Mann Whitney-U test to compare the skin thickness and ttest to identify the difference in SLEB thickness between groups. Values of p ≤ 0.05 were considered statistically significant.
RESULTS
Median skin thickness of the dorsal forearm was 1.21 mm (IQR 1.10-1.32 mm) and 1.39 mm (IQR 1.29-1.59 mm) and skin thickness of the ventral thigh was 1.32 mm (IQR 1.19-1.47 mm) and 1.54 mm (IQR 1.39-1.65 mm) in group 1 (50 subjects aged 67.3 ±1.8 yrs) and group 2 (50 subjects aged 23.9 ± 0.8 yrs), respectively. Results showed significant differences between these groups in skin thickness in both areas (p<0.0001) (Fig 1) .
Similar results were found in both forearm and thigh skin thickness comparing subgroups of probands according to gender. There was a significant difference in the forearm (p<0.006) and thigh skin thickness (p<0.003) between group A and B (females) as well as between group C and D (males). Complete descriptive statistics is denoted in Table 1 . In group of older probands (group 1) a SLEB on the dorsal forearm was visualized and measured (Fig. 2) . SLEB was not present on the ventral part of thigh (Fig. 3) . The thickness of SLEB was 0.38 ± 0.12 mm and 0.38 ± 0.09 mm in group A and group C, respectively. No significant difference was found between males and females in the SLEB thickness (Fig. 4) . High-frequency ultrasonography is a method of imaging with multiple indications in clinical and experimental dermatology. The main applications are following: measurement of the preoperative malignant melanoma thickness, investigation of benign and malignant tumors and inflammatory processes of the skin and the subcutis (psoriasis, atopic dermatitis, etc.), evaluation and monitoring of scleroderma-like diseases and T-cell lymphomas treatment (8, 9) . The ultrasonographic images of changes in the thickness and structure of the skin allow an objectification of aging and skin damage.
Studies have shown that the thickness of whole skin has a tendency to increase in the 21-to 40-year interval and decreases after 60 -70 years of age (2, 10, 11, 12) . Histological examination of the skin sample acquired from old subject revealed increased amount of glycosaminoglycans and proteoglycans and decrease of collagen fibers. The thinning of the skin with aging is a consequence of a decrease in dermal collagen synthesis (2, 13) . Our results shown that the skin thickness of both investigated areas was significantly thinner in probands older than 65 years of life. Our results are consistent with literature in the field (2, 14, 15) .
It has been discovered that skin is thinner in the areas chronically exposed to sunlight compared with the photoprotected areas regardless the skin age (15) . Authors explain this phenomenon by increasing amount of glycosaminoglycans and proteoglycans in the dermal ground substance and decrease of collagen fibers (2, 13) . Similarly, our results showed that ventral thigh skin (without chronic exposure to UV rays) was thicker in both groups than dorsal forearm skin.
Except for the changes in the thickness the specific structural changes in the dermis of older subjects are present. During the ultrasonographic investigation SLEB with various thickness can be seen. Studies have revealed that SLEB becomes visible mainly after the 21-to 40-year interval, especially on photoexposed sites (2, 16, 17, 18) . De Rigal et al. (7) concluded that the SLEB thickness was higher on the dorsal forearm -a site of chronic exposure to UV rays than on volar forearm, which suggested that SLEB reflects mainly photodamage. In our study SLEB was present in all 50 subjects aged > 65 years only on the dorsal forearm (Fig. 2) . Our results did not show significant difference in SLEB thickness between males and females and are consistent with the results of the available literature (18) .
CONCLUSION
In conclusion -according to our results -the intrinsic ageing does not result in SLEB formation, but SLEB is a manifestation of UV radiation and measurement of its thickness is an objective marker of the photoaging process. The skin is thinner with the age and thinner on the sites of chronic exposure of UV rays. The thinning of the skin is mainly a manifestation of natural aging.
The measurement of skin thickness and knowledge of the age related skin changes is important to objectify treatment response in many skin disorders as psoriasis, atopic dermatitis, the skin atrophy after chronic steroid therapy and the evaluation of the efficacy of various topical anti-aging therapies.
